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© Derivative compound of 1,3- or1,4-bis(hexafluoroisopropyl) benzene, or 

2,2-bisphenylhexafluoropropane, ink-repellent agent containing such derivative compound, head 
for ink jet recording treated with such ink-repellent agent and ink jet recording device equipped 
with such head. 



@ The present invention relates to a derivative compound of 1,3- or 1,4-bis(hexafiuoroisoproply)benzene, or 
2,2-disphenyihexafluoropropane represented by the formula (I) or (II) 
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Y represents hydrogen atom or methyl group, m and n represent 0 or 1 , and when m is 0, n is also 0. 
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Derivative Compound of 1,3- or 1,4-bis(hexafluoroisopropyl)benzene, or 2,2-bisphenylhex- 
afluoropropane, Ink-repellent Agent Containing Such Derivative Compound, Head for Ink Jet Recording 
Treated with Such Ink-repellent Agent and ink Jet Recording Device Equipped with Such Head 



BACKGROUND OF THE INVENTION 



Field of the Invention 

This invention relates to a novel derivative compound of 1,3- or 1 ,4-bis(hexafluoroisopropyl) benzene, or 
2,2-bisphenylhexafluoropropane to be used for ink-repellent treatment, an ink-repellent agent containing 
such compound, a head for ink jet recording coated on ink eject opening end surface with such ink-repellent 
agent, and an ink jet recording device equipped with such head. 



Related Background Art 

With propagation of computers in recent years, various application instruments have been actively 

75 developed. Particularly, remarkable progresses can be seen in development and propagation of office 
instruments for office automation such as copying machines, facsimiles, word processers and other so 
called personal computers, etc. 

In these office instruments, the so called printer as the instrument for output of the processed data or 
sentences, etc. is an essential device. 

20 In the prior art, as such printer, there have been employed a printer of the impact system such as wire 
dot printer, etc., a laser beam printer by use of the electrostatic copying system, a printer of the non-impact 
system such as heat transfer printer, etc., but a printer of the ink jet recording system is attracting attention 
of its excellent chracteristics in recent years and developments of various systems are now under progress. 
It is of course desirable that printing and image by a printer should be beautiful and precise, and the 

25 target of these printer techniques resides here, and as a means for that purpose, one may consider to make 
ink eject nozzles smaller and arrange them closely to each other. For thar purpose, there has been known 
the method in which a large number of eject openings are prepared closely to each other by use of the fine 
working system using the so called microlithographic technique. 

Fig. 7 shows a constitutional example of an ink jet recording head of the prior art prepared according to 

30 such method. In Fig. 7, Vl is a first substrate formed of, for example, a silicon wafer, etc., 72 a layer formed 
of, for examle, Si0 2 , etc. on the surface of the first substrate 1. 73 is a nozzie wall formed by such method 
as lithography, etc., 74 a second substrate formed of, for example, a glass plate, 75 an adhesive layer or 
adhering the second substrate 74 to the upper part of the nozzle wall 73, and 76 an ink eject opening of 
nozzle. Such recording is worked very precisely with the nozzle wall 73 being made to have dimensions of 

35 25 urn of height and 20 um of width, and the ink eject opening 76 to have the same dimensions as the 
nozzle wall 73. 

Figs. 8A and 8B show side sectional view of the ink jet recording head shown in Fig. 7, showing two 
examples under the state of forming ink droplets 88 by ejecting of the ink 87. Fig. 8A shows the state in 
which ink droplets are ejected straightforward without wetting of the eject opening end surface 89 with ink, 

40 while Rg. 8B shows the state in which ink droplets are going to be ejected slant, because a part of the eject 
opening end surface 89 is wetted with ink before ejecting. 

The ejecting opening end surface 89 mav be wetted and spread with ink during ink ejecting, or 
otherwise sometimes in a device in the form of performing recording with the recording head mounted on a 
carriage, the ink 87 within the nozzle may be overflowed outside from the eject opening end surface 89 to 

45 wet that portion by mechanical vibrations, caused by mechanical movement of the head when it performs 
printing, or when it returns again to home position after reaching of the carriage to the end of the recording 
medium. 

Thus, when the ink overflowed to wet the eject opening end surface 89 is returned again within the eject 
opening, or when the peripheral portion of the eject opening is uniformly wetted, the eject direction of the 
so ink droplets 88 becomes straight as shown in Fig. 8A, whereby the ejecting state, namely the recording 
state is stabilized. 

However, in the ink jet recording head of the prior art, due to difference in wettability between the 
second substrate 74 and the adhesive layer 75, the eject opening end surface 89 may be wetted 
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nonuniformly, or as shown in Fig. 8, nonuniform residual state of ink occurs on the eject opening end 
surface 89 after once wetted, whereby unstable ejecting state as shown in Fig. 8B occurs. 

Thus, there is a strong relationship between wetting of the eject opening end surface and the surface 
state of the end surface, and when the surface state of the eject opening end surface is not adequate, 
5 unstable ejecting state occurs, whereby no good recording state can be maintained to lower the recording 
quality. 

This is also a problem which occurs as a matter of course not only in the ink jet recording head of the 
constitution shown in Fig. 7 but also generally in an ink jet recording head which has an ink ejecting nozzle 
formed smaller and is adapted to perform ink ejecting at high velocity and high frequency. However, 

10 particularly in the case as in the ink jet recording head shown in Fig. 7, when ink eject openings are 
provided closely to each other, since wetting occurs around the eject openings adjacent to each other, 
wetting is connected mutually between the adjacent eject openings, and its influences become increasingly 
greater. As the result, further remarkable adverse influences such as deformation of recorded letters or 
disturbance of the images may be exerted on recording quality or images, and therefore it is necessary to 

75 manage the eject opening end surface more strictly. 

In the prior art. for the purpose of maintaining ink ejecting stability of an ink jet recording head, there 
have been made various proposals of performing an ink repellent treatment which is the surface treatment 
of the head surface. 

As an example, as disclosed in Japanese Patent Laid-open No. 63-122560, there have been proposed 

20 the method in which removable solids are filled internally of the eject opening to form a thin layer of an ink- 
repellent agent on the surface of an elastic member, and the thin layer is transferred onto the surface at the 
peripheral portion of the eject opening of the recording head, or as disclosed in Japanese Patent Laid-open 
No. 63-122557, the method in which while a gas is jetted out through eject openings, the recording head 
end surface having said eject openings is dipped in an ink-repellent agent 

25 Among such proposals, for enhancing the effect of the ink repellent treatment used, there has been 
frequently used a substance having many fluorine atoms (see Japanese Patent Laid-open Nos. 63-122550, 
63-1 22557, 63-1 22559, 63-1 22560, etc.). 

For example, as the treating agent which makes the eject opening end surface liquid-repellent, 
Japanese Patent Laid-open No. 56-89569 discloses use of undecafluoropentyltrimethoxysilane, 

30 tridecafluorohexyitrimethoxysilane, perfluorodecyltrimethoxysilane, 1 ,1 ,2,2-tetrafluoroethyrtrichlorosilane, 
pentafluorophenyldimethylchlorostlane. 2,2,3,3-tetrafluorocycIobutyl, etc. 

Moreover, KP 801 (Shinetsu Kagaku, trade name) which is a perfluoroalky (silicone type water-repellent 
agent or a photocurable type fluorine type liquid resin, such as DEFENSA (DIG, trade name), etc., which is 
diluted with Daifuron (DAIKIN KOGYO, trade name), etc. is coated in a thin film on an elastic support such 

35 as silicone rubber, etc., and after evaporation of the solvent, the film is transferred onto the recording head 
surface to form an ink-repellent film. 

On the other hand, in an ink jet recording device, water contained in ink or recording medium may be 
evaporated to make the atmosphere of the recording head highly humid, and depending on the conditions 
such as the temperatures of the recording head or in the atmosphere, etc., dew formation may sometimes 

40 occur on the ink ejecting surface. 

Also, splashed ink from the recording medium, may also wet the ink ejecting surface. 
The phenomena such as dew formation, wetting as mentioned above become more conspicuous in the 
case of using a fixing heater for accelerating fixing of the recorded image onto a recording medium or in the 
case when the dot duty of the recorded image is high. 

45 Thus, when dew formation or wetting has occurred on the ejecting surface, the ejecting surface 
becomes under the state attatched nonuniformly with water droplets, etc., and these attached water droplets 
will attract nonuniformly the ejected ink when the ink is ejected through eject openings. By this, variances 
occur in ejecting directions of ink, ejecting rate and also in ink droplet diameters, whereby lowering in 
recording quality will be brought about. Also, due to wetting of the ejecting surface, paper powder, dust, etc. 

so are readily attached thereon, and these may have adverse influences on the ink ejecting direction of ink, 
etc., or cause clogging of the eject openings to occur, whereby lowering of recording quality may be 
caused. 

As a measure to cope with such troubles, it has been practiced to remove dew formation, wetting, etc. 
by wiping the ejecting surface at predetermined timing. 
55 For example, by use of a blade comprising a silicone rubber, etc. as the wiping means, the blade is 
engaged with the ejecting surface as accompanied with the movement of the recording head, thereby 
wiping off water or dust, etc. of dew formation, wetting, etc. 

The fluorosiiicone type ink-repellent agent of the prior art, although excellent in the ink-repellent effect, 
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tended to be weaker to the abrasion force from outside accompanied with the wiping actuation. The 
principal cause for these tendencies resided in use of a substance having a long aliphatic chain as 
represented by -CbFi7> etc. 

Also, it has been found that the ink-repellent agent is abraded by a wiper to be markedly deteriorated 
5 when printing is performed with the head being maintained at a relatively higher temperture (40 to 50* C). 



SUMMARY OF THE INVENTION 

io Accordingly, an object of the present invention is to provide a novel compound to be used for an ink- 
repellent agent which increases the abrasion resistance strength of the above-mentioned ink-repelient agent, 
and at the same time does not lower the ink repellent treating effect, and an ink-repellent agent containing 
the same. 

Specifically, its object is to prevent damaging or abrasion of the ink-repellent film by the wiper actuation 
rs of an elastic member such as rubber, etc. provided for the purpose of removing dust or ink attached on the 
head surface. 

Also, still another object is to elevate the glass transition temperature (Tg) of the ink repellent agent for 
the purpose of preventing remarkable lowering in strength and abrasion acceleration due to softening of the 
ink-repelient agent by heat. 

20 Still another object of the present invention is to provide a head for ink jet recording which enables 
constantly stable ink ejecting even when wiping actuation may be performed on the ejecting surface of ink, 
and an ink jet recording device equipped therewith. 

The above objects can be accomplished by the present inventions as specified below. 
In accordance with the present invention, there is provided a derivative compound of 1,3- or 1,4-bis- 
25 (hexafluoroisopropyl)henzene, or 2,2-bisphenylhexafluoropropane represented by the formula (I) or (II): 

CF 3 

CF 3 | 

30 x-c— {^r ^ <*> 

CF 3 
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CH 2 -CH-CH 2 -O- or CH 2 =C-C-0-< CH 2 -CH-CH 2 -O^-f Ch~ , 

^ ' II 
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50 

Y represents hydrogen atom or methyl group, m and n represent 0 or 1, and when m is 0, n is also 0. 

The present invention also provides an ink-repellent agent comprising the above derivative compound 
represented by the formula (I) or (II). 

Further, the present invention provides a head for ink jet recording comprising an end face including an 
55 ink eject opening having a thin layer of polymer comprising the above derivative compound represented by 
the formula (I) or (II). 

Further, the present invention provides an ink jet recording device, having a recording head equipped 
therein, said recording head comprising an end face including an ink eject opening having a thin layer of 



EP 0 388 979 A2 



polymer comprising the above derivative compound represented by the formula (I) or (II). 



BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Fig. 1 is a perspective view showing the state of a head when coated with the ink-repellent agent of 
the present invention. 

Fig. 2 is a perspective view showing the state of a head before coating of the ink-repellent agent. 
Fig. 3 is a schematic illustration of the transfer system which is an example of the coating method of 
10 the ink-repellent agent of the present invention. 

Fig. 4 is a perspective view showing the state after coating of the ink-repellent agent used in the 
present invention. 

Fig. 5 is a schematic perspective view of the test method for testing durability of the head surface 
prepared according to the present invention. 
75 Fig. 6 is a perspective view showing an ink jet recording device equipped with the head for ink jet 

recording treated with the ink-repellent agent of the present invention. 

Fig. 7 is an illustration showing the constitution of a recording head of the prior art. 

Figs. 8A and 8B are illustrations showing the ejecting state of ink. 



20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



By use of a compound represented by ths above formula (I) or (II) as the ink-repellent agent, abrasion 
resistance strength can be remarkably improved without lowering the ink-repellent effect of the ink-repellent 
film. 

25 In the present invention, as the derivative compound to be used for the ink-repellent agent, a compound 

containing at least one benzene ring and 6 or more fluorine atoms, and also having 2 or more (meth)- 

acryloyl groups or glycidyl groups as represented by the above formula is used. 

The above-described compounds of the present invention have been synthesized from a bifunctiona! 

compound which is excellent in ink repellency and rigid in molecular structure as the starting material, by 
30 adding (meth)acryloyl or glycidyl groups thereto to make them the UV reaction type or the thermosetting 

reaction type. 

Preferable specific examples of the bifunctional compound which is excellent in ink repellency and rigid 
in molecular structure may include those having the following structures: 




[1 , 3-bis (2-hydroxy hexafluoro isopropyl ) benzene] 




(A* ) 



[1,4-bis (2-hydroxy hexafluoro isopropyl )henzene] 



55 
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CF 3 



HOOC 




COOH (B) 



1 2 , 2-bis ( 4 -carboxy phenyl ) hexaf luoropropane] 



CF 3 




(C) 



CF 3 



[ 2 , 2-bis ( 4-hydroxypheny 1 ) hexaf luoropropane ] 



For example, by reacting a functional derivative such as (meth)acrylic acid or acid chloride thereof, etc. 
with the above starting material (A) or (C), it can be formed into an ink repellent agent of the UV reaction 
type as shown below. 

O CF 3 CF 3 O 

CH 2 =C-C-0-C— if C-0-C-C=CH 2 (A-l ) 

I I 11 J ! I 

X CF 3 ^^ CF 3 X 



O CF 
X CF 



=C-C-0-^^ ( C- 1 ) 



Also, by the reaction of epichlorohydrin with the starting material (A) or (C), substances shown below 
can be formed. 



CF 3 



CF 3 



CH 2 -CH-CH 2 -O-C 

N > I 
O CF 




C-0-CH 2 -CH-CH 2 

I \ V 

CF 3 O 



(A-2) 



CH 2 -CH-CH* -O 
O 



CF 8 

CF 3 O 



(C-2) 



Also, by the reaction of glycidyl (meth)acrylate with the starting material (A) to (C), compounds 
represented by the following formulae can be formed: 
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wherein X is a hydrogen atom or a methyl group. 

Specific synthesis examples of the compounds as mentioned above are shown below. 



Synthesis example of acrylate of 1,3-bis(2-hydroxy hexafluoro isopropyl) benzene (A) 

82 g (0.2 mole) of 1 ,3-bis(2-hydroxy hexafluoro isopropyl)benzene were dissolved in 300 ml of 
hexafluoroxylene as the solvent and the solution was elevated to 60* C. While stirring the reaction mixture, 
45.2 g (0.5 mole) of acrylic acid chloride was slowly added dropwisely from a dropping funnel. The reaction 
was carried out at 60* C for 3 hours, and after lowered to room temperature, the reaction mixture was 
thrown into a 2000 ml aqueous solution set at pH = 12 with NaOH, followed by vigorous stirring. Subse- 
quently, the phase of hexafluoroxylene was separated from the solution separated into two phases, and 
mixing with pure water and separation therefrom were repeated several times, thereby removing NaCI 
formed and the unreacted acrylic acid into aqueous phase. Then, hexafluoroxylene was distilled under 
reduced pressure to give an acrylated product of 1 ,3-bis(2-hydroxy hexafluoro isopropyl)benzene (A-1). 



The reaction of 2,2-bis(4-carboxyphenyl)hexafluoropropane (B) with glycidyl methacrylate 

196 g (0.5 mole) of 2,2-bis(4-carboxyphenyI)hexafiuoropropane were mixed with 500 g of toluene, 1.8 g 
of triethanolamine was added as the catalyst, and while stirring gently the mixture at normal temperature, 
142 g (1 mole) of glycidyl methacrylate was added to the above mixture dropwisely over one hour. 
Subsequently, the temperature was raised up to 65* C, and the reaction was further carried out for 3 hours. 



8 
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After completion of the reaction, toluene was removed under reduced pressure to give the reaction product 
(B-1) of 2,2-bis(4-carboxyphenyl)hexafluoropropane and glycidyl methacryalte. 



5 The reaction of 2,2-bis(4-hydoxyphenyl) hexafluoro-propane (C) with epichlorohydrin 

336 g (1 mole) of 2,2-bis(4-hydoxyphenyl)hexafluoropropane and 833 g (9 moles) of epichlorohydrin 
were placed in a reaction flask, and the solution was heated under reflux to 120*C. Into the solution was 
added 203 g (2 moles) of an aqueous 40 % by weight of NaOH solution dropwisely over 3 hours. The 

70 temperature during the dropwise addition was in the range from 99 to 119* C. Of the water and the 
epichlorohydrin distilled during the reaction, only the epichlorohydrin was returned to the reaction vessel. 
After excessive epichlorohydrin was recovered under reduced pressure after the dropwise addition of 
NaOH, 1000 ml of toluene was added, the mixture was washed three times with 1000 ml of water, and the 
NaCI formed and the residual alkali were removed. Finally, toluene was removed by evaporation under 

75 reduced pressure. As described above, the reaction product (C-8) of 2,2-bis(4-hydroxyphenyl)- 
hexafluoropropane and epichlorohydrin was obtained. 

This compound, when used alone, can form a rigid film of an ink-repellent agent, and also it is 
preferably used in a mixture with the substances used in the respective inventions of Japanese Patent Laid- 
open Nos. 63-122550, 63-122557, 63-122559 and 63-122560, or an ink-repellent agent containing a 

20 perfluoroalyl group of the CgHi 7 type widely used in the same kind of product, and the ink repellent effect 
can be also retained when used in a mixture to improve the strength of the film to great extent as compared 
with the ink-repellent agents of prior arts when used alone, whereby the objects of the present invention can 
be accomplished satisfactory. Thus, by use in a mixture, it has been rendered possible to elevate Tg of the 
ink-repellent film comprising the mixture and increase the abrasion resistance strength to 5-fold of more of 

25 that of the prior art. 

With respect to the ink-repellent property and abrasion resistance, the more preferable embodiment of 
the ink-repellent agent of the present invention is of the agent, which comprises both the derivative 
compound of the formula (I) or (II) and the liquid compound polymerizable with the derivative. 

Such compounds which are liquid at room temperature are, for example, liquid epoxy compounds or 
30 liquid acrylic compounds. 

The embodiment for the combination co-used for the present invention is as follows: 

(1) the compounds having epoxy group at end of molecular chain of the formula (111) or (IV) and the 
liquid epoxy compounds. 

(2) the compounds having acryloyi group at end of molecular chain of the formula (V) or (VI) and the 
35 liquid acrylic compounds. 
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55 



CH 2 -CH-CHz -O- 
\ / 
O 



9 



EP 0 388 979 A2 




CF 3 




(VI) 



CF 3 

wherein X2 is 

O o 

II II 
CH 2 =C-C-0-(CH 2 -CH-CH 2 -0>5— fCt^— > 

I I 
Y OH 

Y is hydrogen or methyl, m and n are 0 or 1 , and when m is 0. n is also 0. 

As liquid epoxy compounds or liquid acrylic compounds, compounds containing no fluorine atom are 
more preferable for the present invention, as compared with compounds containing a fluorine atom, since 
they are excellent in contactivity with a head surface, film formability and abrasion resistance. 

The preferable liquid epoxy compounds are liquid bisphenoi type epoxy resins such as Epikote 825, 
827, 828, 834, 807 (produced by Yuka shell Epoxy Co.); liquid phenol novolac type epoxy resins such as 
Epikote 152, 154; cyclic aliphatic epoxy resins such as Ceroxide 2000. 3000 (produced by Daicel Kagaku 
Co.), CYRACURE UVR 6110, 6200 (produced by Union Carbide Co.); epoxy reactive diluents represented 
by phenyl glycidyl ether. 

And liquid acrylic compounds are polyfunctions liquid acrylic oligomers having acryloyl groups at its 
end disclosed in Japanese Patent Laid-Open No. 1-290438 and are selected from liquid substances known 
as UV-curable resins, exemplified as follows: 

(i) polyhydric acrylates derived from adding 2 or more (meth)acrylic acids to polyhydric alcohol, the 
poiyhydric alcohols being, for example, ethyleneglycol, 1,6-hexanediol, trimethylolpropane, pentaerythritol, 
dipentaerithritol and so on; 

(ii) poiyesteracrylates derived from adding 2 or more (meth)acryiic acids to polyesterpolyols obtained 
from polyhydric alcohols and polybasic acids, the polyhydric alcohols being, for example, ethyleneglycol, 
1,4-butandioI, 1,6-hexanediol, diethyleneglycol, trimethylolpropane, dipropyleneglycol, polyethyieneglycol, 
pentaerythritol, dipentaerythritol, the polybasic acids being, for example, phthalic acid, adipic acid, maleic 
acid, succinic acid, terephthalic acid, alkenyl succinic acid and so on; 

(iii) epoxyacrylate, the functional group of which is acryloyl group derived from esterifying epoxy 
groups of epoxy resins with (meth)acrylic acid, the epoxy resins being, for example, of the types of 
bisphenot-A-epichloro-hydrine, phenol novolac-epichlorohydrine, aliphatic cyclic epoxy resins and so on; 

(iv) polyurethane acrylates, obtained from reacting hydroxy(meth)acrylate with polyhydric 
isocyanates, the polyhydric isocyanates being, for example, compound having polyester, polyether and the 
like at the central part of the molecule and having isocyanates groups at the both ends and so on; 

(v) the others, for example, polyetheracrylates, melamine-acrylates, alkydacrylates, 
isocyanurateacrylates, silicone acrylates and so on. 

Such acrylates are examplified as follows: 
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A-l CH 2 =C(R 3 )C00(CH 2 ) n OCOC(R 3 )=CH 2 

(n is an integer of 1 to 10.) 

5 

A-2 CH 2 =C(R 3 )C00(CH 2 CH 2 0) n C0C(R 3 )=CH 2 
10 (n is an integer of 1 to 10.) 

A- 3 CH 2 =C(R 3 )C00(CHCH 2 0) ft C0C(R 3 )=CH 2 

I 

(n is an integer of 1 to 10.) 

OH 

20 N | 

A- 4 CH 2 =C(R 3 )C00CH 2 CHCH 2 OC0C(R 3 )=CH 2 



25 



30 



35 



40 



55 
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CH 3 



=C(R 3 )C0(0CH 2 CH 2 )2 "°"^^^"^3 K °" 

CH 3 



CH 2 =C(R 3 )CO(OCH 2 CH 2 i*- 1 
(m and n are integers of 1 to 10.) 



(CH 3 ) 2 C - C=0 
! 1 

CH 2 =C ( R 3 ) C00CH 2 CH 2 OCH 2 CH-CH 2 -N ,N- 



OH 
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If 
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CH 2 =C(R 3 )COOCH 2 CH 2 0CH 2 CH-CH 2 
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OH 



CH 3 

7 CH 2 =C(R 3 )COOCH 2 CH-CH 2 -OCH 2 CO-CH 2 CHCH 2 OCOC( R 3 )=CH 2 

OH H OH 



OH 

8 CH 2 =C ( R 3 ) COOCH 2 CH-CH 2 -0CH 2 CH-CH 2 0-CH 2 CHCH 2 OCOC ( R 3 ) =CH 2 

OH OH 



CH 3 



9 [CH 2 =C(R 3 )COOCH 2 CHCH 2 0CH 2 ^ } 2 



OH 




10 CH 2 =C(R 3 )COO-+(CH 2 J.-OCO-.Q^-CCH. ),-0C0C(R 2 )=CH 2 

(n and x are integers of 1 to 10.) 
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O CH 3 O O 0 

II /=K i| II I! 

s A- 11 CH 2 =C(R 3 )C00CH 2 CH a 0-CN-< \— NC- [ CH 2 CH 2 OC ( CH 2 . ) x -CO ] n 

H H 

O CH 3 O 

70 CH 2 =C(R 3 )CO0CH 2 CH 2 0-CN-^ V-NC-OCH 2 CH 2 

H H 
(n and x are integers of 1 to 10.) 

75 



OH 

20 ' 



A- 12 [ CH 2 =C ( R a ) COOCH 2 CH 2 O ] 2 -P=0 



A- 13 [CH 2 =C(R, )COOCH 2 CCH 2 OH 

25 



A-14 [CH 2 =C(R 5 )COOCH 2 -Jr-CCH 2 CH 3 

30 

A-15 [CH 2 =C(R 3 )COOCH 2 CH 2 0] 3 -P=0 



35 

R 3 0 R 3 

I II t 

A- 16 CH 2 =CC0CH 2 CH 2 ^ .C. , CH 2 CH 2 0OC=CH 2 
II N N |l 

40 0||0 

0^ C ^N^°^0 R 3 

I I 
CH 2 CH 2 OC-C=CH 2 
II 

45 0 



A-17 [CH 2 =C(R 3 )COOCH 2 ] 4 -C 

50 i 

wherein R 3 is H or -CH 3 . 

Those liquid epoxy_compounds or liquid acrylic compounds are good in compatibility when they are co- 
55 used with the compounds of the present invention, then isolation and precipitation do not cause. 

In the case that the compounds of the present invention and the liquid compound are co-used, the 
compounds of the present invention are used not less than 30 % by weight, preferably not less than 50 % 
by weight, to the liquid compounds. In case of less than 30 % by weight, the ink-repellent property may be 
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lowered. 

The ink-repellent agents of the present invention are used as follows: 

In the case of compounds (HI) and (IV) having epoxy groups at the chain end, the compounds (or the 
compounds and liquid epoxy compounds) are mixed with epoxy cure agent, diluted with coating solvents, 

5 coated on the head end surface and followed by heat curing. Or the compounds are mixed only with 
heatcure catalysts, photocure catalysts, diluted with coating solvents and coated on the nozzle surace and 
followed by curing treatment with active energy such as heat or ultraviolet light and the like. The epoxy cure 
agents shall mean known aromatic acid anhydrides, aliphatic amines, the heatcure catalysts shall mean 
imidazoles, aromatic amines, nitrils and photocure catalysts shall mean aromatic halonium salts, which 

10 generate a lewis acid by applying active energy light. 

In the case of compounds (V) and (VI) having acryoyl groups at the chain end, the compounds (or the 
compouns and liquid epoxy compounds) are mixed with photocure catalysts, diluted with coating solvents, 
coated on the head end surface and followed by photocure treatment with active energy light. The 
photocure catalysts shall mean compounds such as benzoinalkylethers. benzophenones, anthraquinones, 

75 acetophenones and the other aromatic ketones, which generate radicals by applying active energy light. 
Good compatible compounds with the derivative compunds of the present invention or liquid compounds 
are preferably, for example, benzophenone, hydroxycyclohexylphenylketone (Irgacure 184, available from 
CIBA GEIGY Co.); l-(4-iso-propylphenyl)-2-hydroxy-2-methyipropan-1-one (Darocure 1116, available from 
Merck Co.); 2-hydroxy-2-methyl-1-phenyl-propan-1-one (Darocure 1173, available from Merck Co.) and so 

20 on. 

The present invention is described in more detail by referring to Examples and Comparative Examples. 
Fig. 1 illustrates an example of the ink jet recording head to which the treating agent of the present 
invention is applied. 

In the Figure. 1 is a head applied with the ink-repellent treatment 2 an orifice for ejecting ink, 3 a thin 
25 layer comprising the ink-repellent agent coated by a means such as transfer, etc. on the head surface, 4 a 
substrate or constituting the head which is formed of a glass or silicon, etc. 

Heaters which are generating elements for ejecting ink are patterned by sputtering, etc., on the 
substrate 4. 

5 is a resin wall for formation of a nozzle, which is prepared into a predetermined shape by exposure 
30 development of a photosensitive resin. 

6 is a glass plate, which is plastered onto the nozzle wall 5. The glass plate 6 is provided with the 
common ink chamber 7 for performing smoothly ink supply; 

8 is a filter, bound to an ink supplying member (not shown), which is a portion for supplying ink to the 
head. 

35 Fig. 2 illustrates the state of the head before effecting the ink-repellent treatment, and the same 
symbols indicate the same names as in Fig. 1 . 

Fig. 3 illustrates the transfer method which is an example of the method of using the ink-repellent agent 
of the present invention. 

20 is a support (transfer piate), and it is a silicone rubber plate which is an elastic member. On its 
40 surface is formed the thin layer 3 comprising the ink-repellent agent. By pressing the head 1 by applying a 
certain load from above on the support 20, and then returing again to above, the thin layer 3 is transferred 
onto the surface of the head 1 . 

The thin layer has a thickness suitably of from 0.05 to 5 urn preferably 0.1 to 3 urn. 

Fig. 4 shows the state after the head 1 was raised upward after completion of the step in Fig. 3, and the 
45 thin layer 3 comprising the ink repellent agent coated on the surface of the support 20 is transferred onto 
the head end surface, and the thin layer 3 does not transferred on the portion of the orifice 2 because no 
load is applied. In the head treated according to such means, various tests were conducted about durability 
of thin layer and softening characteristic by head in the following Examples. 

50 

Example 1 

First, a head shown in Fig. 2 was prepared, and the head was washed with MEK (methyl ethyl ketone) 
and Daifuron (Daikin Kogyo KK, trade name) so that the peripheral portion of the eject opening was washed 
55 and then dried. 

On the other hand, silicone rubber was used as the support (transfer plate). As the ink-repellent agent, 
following compounds are used. These compounds were dissolved in Daifuron and coated on the support to 
form a thin film. 
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ink-repellent 


compounds of the 


acryloyl 


agent 


present invention 


oligomer 


1-1 


Ai (100 parts) 




1-2 


Ai (60 parts) 


Bt (40 parts) 


1-3 


A 2 (100 parts) 




1-4 


A 2 (60 parts) 


B 2 (40 parts) 


1-5 


A3 (100 parts) 




1-6 


A 3 (60 parts) 


B 3 (40 parts) 



O O CF 3 CF 3 

II H I i 

CH 2 =CH-C-0-CH 2 -CH-CH 2 -O-C-C-rf \C-CO-0- 

1 kJ 1 



OH 



CF 3 



O 
II 

t-CH 2 -CH-CH 2 -0-C-CH=CH 2 
I 

OH 



A 2 : Compound (B-1 ), wherein X is a hydrogen atom . 

A 3 : Compound (A-1 ), wherein X is a hydrogen atom 

B1 : Acrylic acid ester of Epikote 828 

B2 : Acrylic acid ester of pentaerythritol 

B3 : Acrylic acid ester of Epikote 154 
(B1 to B3 are acryloyl oligomers having no fluorine atom.) 

As photo-initiators, 4 parts of 2-hydroxy-2-methyl-1-phenylpropan-1-one (Darocure, available from 
Merck Co.) is added to the above. 

In Comparative Example 1, fluoroalkylsilane (KP-801, available from Shinetsu Kagaku Co.) having the 
formula CsF 17 C2l-USiNH2, and in Comparative Example 2, an acryl resin (Florocoat EC-104, available from 
Asahi Carasu Co.) having perfluoro alkyl group of an evaporation drying type are used, respectively, as an 
ink-repel!ent agent. 

After evaporation of Daifuron which is the diluent of the ink-repellent agent, by pushing the head 1 
against the thin film on the support 20 as shown in Fig. 3 to transfer the thin film 3 thereon, the ink-repe!!ent 
treatment of the head surface was effected. 

After completion of the transfer as described above, the transferred thin film was UV cured by 
irradiation for 60 seconds with UV-light irradiation apparatus having a capacity of 50 mW/cm 2 , then heated 
at a temperature of 150* C to cure the treating agent by the reaction. 

In case of Comparative Example 1, a heatcure treatment was carried out for 1 hour at 150* C, and in 
case of Comparative Example 2, a drying treatment was carried out for 30 minutes at 100* C. Thus, using 
each ink-repellent agent, the treating agent thin film layer 3 with substantially uniform thickness was bound 
firmly to the tip end surface of the head 1 . 

Next, the durability test of the ink-repellent agent was carried out. 

The durability test was conducted in the form shown in Fig. 5 by reciprocal wiping of a silicone rubber 
with a thickness of 0.5 mm, while water was dropped so that the head surface was in the wetted conditions 
in any time. 

In Fig. 5, 1 is a head, 30 a holder for holding the head, 31 a carriage of a printer on which the holder is 
mounted, 32 a shaft which enables movement of the carriage between the lateral directions X1 and X 2 . The, 
carriage 31 is connected to a driving source (not shown), and is adapted so as to be movable between the 
left and right directions X1 and X 2 of the carriage 31 . 33 is a wiper blade made of a silicone rubber, and is 
fixed. The durability test was conducted by arranging the ink-repellent film formed on the surface of the 
head 1 so as to be contacted with the rubber blade 33. The contact width was made 1 mm. 

The results are shown in the following Table: 
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Result of the duarability test 




Abrasion resistance 


ink-repellent effect 




Example 1-1 


OK for 250,000 times 


no deterioration 


5 


Example 1-2 


OK for 250,000 times 


no deterioration 




Example 1-3 


OK for 250,000 times 


no deterioration 




Example 1-4 


OK for 250,000 times 


no deterioration 




Example 1 -5 


OK for 250,000 times 


no deterioration 


10 


Example 1-6 


OK for 250,000 times 


no deterioration 


Comparative Example 1 


becomes thin after ca. 30,000 times 


deteriorated 




Comparative Example 2 


becomes thin after ca. 10.000 times 


deteriorated 



75 The ink-repellent agent according to the present invention was found to be excellent in abrasion 
resistance and ink-repellent property. 

Example 2 

20 

Using following ink-repellent agent, the durability tests were carried out similar with Example 1. 
Example 2-1 : 

30 parts of Compound Ai used in Example 1 and 70 parts of floroalkyl silane KP-801 
Example 2-2: 

25 30 parts of Compound A 2 used in Example 1 and 70 parts of florocoat EC 104 
The results are shown in the following Table. 





Abrasion resistance 


ink-repellent effect 


Example 2-1 


OK for ca. 150,000 times 


no deterioration 


Example 2-2 


OK for ca. 100,000 times 


no deterioration 



as The ink-repellent agent according to the present invention was found to be good in abrasion resistance 
and ink-repellent property. 

Example 3 
40 ~~ 

To 70 parts of compound (A-2) of the present invention having glycidyl groups at the end, 30 parts of 
tetrahydrophthalic acid anhydride and 1 part of benzyldimethylamine were added. The diluted mixture with 
Daifuron was coated on the ink jet head surface by means of the transfer method, with similar method in 
Example 1, followed by a heat treatment for 1 hour at 150* C. Thus, the ink jet head treated with the ink- 
45 repellent agent was prepared. 



Example 4 

so To 65 parts of compound (C-2) of the present invention having glycidyl groups at the end, 30 parts of 
Epikote 828 and 5 parts of.bist4-(diphenylsulfonio)phenyl]-sulfide-bis-hexafiuoro antimonate, as photocure 
catalyst, were mixed to form 1 % solution of Daifuron. The surface of the ink jet head was coated by means 
of the transfer method using this solution with similar method in Example 1, followed by photocure 
treatment by irradiation for 60 seconds with UV-light irradiation apparatus having a capacity of 50 mW/cm 2 ^. 

55 Thus, the ink jet head treated with the ink-repellent agent was prepared. 



Example 5 
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To 96 parts of compound A3 used in Example 1, 4 parts of Darocure 1173 (2-hydroxy-2-methyl-1 - 
phenylpropan-1-one (a product of Merck Co.) was added to form 1 % solution of Daifuron. The surface of 
the ink jet head was coated by means of the transfer method using this solution with similar method in 
Example 1 , followed by photocure treatment by irradiation for 60 seconds with UV-light irradiation apparatus 
5 having a capacity of 50 mW/cm 2 . Thus, the ink jet head treated with the ink-repellent agent was prepared. 



Comparative Example 3 

70 An ink jet head treated with the ink-repellent agent was prepared using 1 % solution of KP801, 
perfluoro-silicon tvpe water-repellent agent, (a product of Shinetsu Kagaku Co.) with similar method in 
Example 1 . Curing was carried our for 1 hour at 1 00 * C. 

The evaluation results of Examples 3, 4, 5 and Comparative Example 3 are shown in the following 
Table. 





Abrasion resistance 


contact 
angle 


Example 3 


OK for 250,000 times 


90° 


Example 4 


OK for 250,000 times 


95 # 


Example 5 


OK for 250,000 times 


105" 


Comparative Example 3 


becomes thin after ca. 30,000 times 


110° 



25 

Fig. 6 is a perspective view of an ink jet recording device equipped with the recording head subjected 
to the ink-repeilent treatment of the present invention. 

in Fig. 6, 61 is a blade as the wiping member, of which one end is held by a blade holding member to 

30 become a fixed end, assuming the form of a cantilever. The blade 61 is arranged at a position adjacent to 
the recording region by a recording head, and in the case of this example, is held in the form protruded in 
the course of the moving route of the recording head. 62 is a cap, provided with a constitution which 
performs capping in contact with the eject opening surface by being arranged at the home position adjacent 
to the blade 61 and moving in the direction vertical to the movement direction of the recording head. 

35 Further, 63 is an ink absorber provided adjacent to the blade 61, and is held in the form protruded in the 
course of the moving route of the recording head similarly as the blade 61 . The eject restoration portion 64 
is formed of the above blade 61 , the cap 62 and the absorber 63, and removal of water, dust, etc. at the ink 
eject opening surface is performed with the blade 61 and the absorber 63. 

65 is a recording head having an eject energy generating means, which performs recording by ejecting 

40 ink onto a recording medium opposed to the eject opening surface provided with an eject opening, and 66 
is a carriage which moves the recording head 65 with the recording head 65 mounted thereon. The carriage 
66 is engaged slidably with the guide shaft 67, and a part of the carriage 66 is connected (not shown) to the 
belt 69 driven by the motor 68. By this, the carriage 66 can be moved along the guide shaft 67, whereby 
movement of the recording region by the recording head 65 and the region adjacent thereto is rendered 

45 possible. 

51 is a paper feeding portion for inserting the recording medium, and 52 is a paper delivery roller 
driven by a motor (not shown). With these constitutions, the recording medium is fed to the position 
opposed to the eject opening surface of a recording head, and ejected to the paper discharge portion 
arranged with a discharge roller 53 with the progress of recording. 

so In the constitution as described above, when the recording head 65 returns to the home position on 
completion of recording, etc., the cap 62 of the head restoration portion 64 is retreated from the moving 
route of the recording head 65. but the blade 61 is protruded into the course of the moving route. As the 
result, the eject opening surface of the recording head 65 is wiped. When the cap 62 performs capping in 
contact with the eject opening of the recording head 65, the cap 62 moves so as to be protruded into the 

55 moving route of the recording head. 

When the recording head 65 moves from the home position to the recording beginning position, the cap 
62 and the blade 61 are at the same positions as during wiping as described above. As the result, also in 
such movement, the eject opening surface of the recording head 65 is wiped. 
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Movement of the recording head to the home position as described above is not limited only on 
completion of recording or during eject restoration, but movement to the home position occurs at 
predetermined intervals during movement of the recording head to the recording region for recording, and 
the above-mentioned wiping is performed as accompanied with such movement. 
5 The recording head of the present invention is a head having On-demand type multi nozzles, which 
eject ink droplets by applying heat energy corresponding to recording signals, and are suitable for high 
speed recordings. 

As described above, the ink-repellent agent of the present invention, in addition to use alone of the 
compounds of the present invention, by use thereof in a mixture with a liquid polymerizable compounds in 
ro , general has such advantages as follows: 

(1) improvement of abrasion resistance of thin layer by 5-fold or more as compared with that of the 
prior art; 

(2) elevation of Tg of thin layer; 

(3) no deterioration of the ink repellent effect of thin layer; 

15 (4) no separation and precipitation by mixing at an adequate ratio during use; 

(5) formation of uniform thin film, etc. 
By the ink jet recording apparatus equipped with the head which is treated with the ink-repellent agent, 
it becomes possible to perform stable recordings for long period. 

The present invention relates to a derivative compound of 1,3- or 1,4-bis(hexafluoroisoproply)benzene, 
20 or 2,2-disphenylhexafiuoropropane represented by the formula (I) or (II) 



25 



30 




35 

wherein X represents 



O 0 
40 II II 

CH 2 -CH-CH 2 -O- or CH Z =C-C-OH CH 2 -CH-CH 2 -Ohr-< C}— , 
\ / II 
O Y OH 

45 

Y represents hydrogen atom or methyl group, m and n represent 0 or 1 , and when m is 0, n is also 0. 



Claims 

50 



1. A derivative compound of 1,3- or 1.4-bis(hexafluoroisopropyl)benzene, or 2,2-bisphenylhex- 
afluoropropane represented by the formula (I) or (II): 



55 
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CF 3 

CF 3 | 

I X=/ CF 3 
CF 3 



CF S 

XH Q^-<Q-X (II, 

CF 3 



wherein X represents 



O o 
It tl 
CH 2 -CH~CH 2 -O- or CH 2 =C-C-0-fCH 2 -CH-CH 2 -0*=—* C^r~ ' 

K / I i 

O Y OH 

Y represents hydrogen atom or methyl group, m and n represent 0 or 1, and when m is 0, n is also 0. 

2. The derivative compound according to Claim 1 , which is one of the compounds represented by the 
formula (a) to (g) 

0 CF 3 CF 3 O . 

1 I ^ I II 

I I 11 J I I 

X CF 3 ^^ CF 3 X 
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CH 2 -CH-CH 2 -0-C 
\ / 

O CF 





O 
11 



CF 3 

I 



CH 2 =C-C-0-CH 2 -CH-CH 2 -O-C 



OH 



I 

CF 




CF 3 
I 

-c-o- 

CF 3 



0 
II 

i-CH 2 -CH-CH 2 -0-C-C=CH 2 



OH 



CH 2 =C-C-0-CH 2 -CH-CH 2 -O-^x 

I I ^ 

X OH 




0 
I! 

CH 2 -CH-CH 2 -0-C-C=CH 2 



OH 
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O O 



CF 3 O 



(g) 




5 



X 



OH 



CF 3 



o 

II 

1-CH 2 -CH-CH 2 -0-C-C=CH 2 



10 



OH 



X 



wherein X is hydrogen atom or methyl group. 
75 3. An ink-repellent agent comprising a derivative compound represented by the formula (I) or (II) 
according to Claim 1. 

4. The ink-repellent agent according to Claim 3, which comprises further a liquid compound poly- 
merizable with such derivative compound. 

5. The ink-repellent agent according to Claim 4, wherein said liquid compound is a liquid epoxy 
20 compound or a liquid acrylic compoumnd. 

6. The ink-repellent agent according to Claim 4, wherein said liquid compound does not contain a 
fluorine atom. 

7. A head for ink jet recording comprising an end face including an ink eject opening having a thin layer 
of a polymer comprising a derivative compound represented by the formula (I) or (II) according to Claim 1. 

25 8. The head for ink jet recording according to Claim 7, wherein said polymer comprises a polymer of 
said derivative compound and a liquid compound polymerizable with said derivative compound. 

9. The head for ink jet recording according to Claim 8, wherein said liquid compound is a liquid epoxy 
compound or a liquid acrylic compound. 

10. The head for ink jet recording according to Claim 7, wherein said thin layer has a thickness of from 
3 0 0.05 to 5 urn. 

11. The head for ink jet recording according to Claim 7, wherein said thin layer has a thickness of from 
0.1 to 3 urn. 

12. The head for ink jet recording according to Claim 7, wherein said head is a head of On-demand 
type which ejects ink droplets by applying heat energy to ink. 

35 13. An ink jet recording device, having a recording head equipped therein, said recording head 

comprising an end face including an ink eject opening having a thin layer of a polymer comprising a 

derivative compound represented by the formula (I) or (II) according to Claim 1 . 

14. The ink jet recording apparatus according to Claim 13, wherein said polymer comprises a polymer 

of said derivative compound and a liquid compound polymerizable with said derivative compound. 
40 15. The ink jet recording apparatus according to Claim 13, wherein said liquid compound is a liquid 

epoxy compound or a liquid acrylic compound. 

16. The ink jet recording apparatus according to Claim 13, wherein said thin layer has a thickness of 
from 0.05 to 5 um. 

17. The ink jet recording apparatus according to Claim 13, wherein said thin layer has a thickness of 
45 from 0.1 to 3 um. 

18. The ink jet recording apparatus according to Claim 13, wherein said head is a head of On-demand 
type which ejects ink droplets by applying heat energy to ink. 
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Y represents hydrogen atom or methyl group, m and n represent 0 or 1 , and when m is 0, n is also 0. 
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